Electrical Daily Load Forecasting In Ramadhan Using
Type-2 Fuzzy Logic In Sulselrabar System 
Introduction
Electric load forecasting is an important part of power system operation in order to achieve optimal planning in operation of the systems [1] . Load forecasting is covering short-term, medium-term and long-term load forecasting. Short-term load forecasting is required for controlling and scheduling the operation of power systems [2] . Medium and long-term load forecasting is required for maintenance, fuel purchases, plant development and planning of future distributions. Accurate load forecasting has a significant impact on the operation and production costs of electric utilities [3] . Research on load forecasting has spawned numerous papers and journals [4] . These publications have led to the development of various methods of forecasting. This method is classified into two categories: The classical approach (conventional method) and an artificial intelligence method.
The classical approach is based on statistical methods, which cannot accurately represent the complex nonlinear relationship between the load and a series of factors such as daily and weekly rhythms of time that can lead to high error in load forecasting [4] . Artificial intelligence method has the ability to provide better performance when dealing with nonlinear data. The advantages of artificial intelligence method compared to conventional method are computational technique and simple algorithm, structural simplicity and high accuracy performance without having to solve any nonlinear equations into mathematical equations. Therefore, the author in this research discusses the hybrid method in the load forecasting, which is a suggestion of earlier researchers. Thus the method of interval type 2 fuzzy inference system is used in this research. Interval type-2 fuzzy inference system (IT2FIS) becomes a concern for short-term load forecasting because it has a simple concept and high-performance identification.
IT2FIS is the formulation and mapping process from input to output using interval type 2 fuzzy logic [5] [6] [7] [8] [9] . One of the advantages of fuzzy logic is the knowledge and experience of experts can be easily used and applied. Interval Type-1 Fuzzy Logic and Interval Type-2 Fuzzy Logic is used in this research for load forecasting in Sulawesi Selatan, Tenggara dan Barat (Sulselrabar) system especially for 1 Ramadhan 2016. In the proposed method, we do not take environmental factors as variable. The Sulselrabar electrical system is used because, this system has been growing, and requires further study on load forecasting. Several previous studies have been conducted and show satisfactory results [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] .
Research Methods
The implementation of IT2FL for peak load forecasting on 1 Ramadhan 2016 is done by using three stages, namely the preparation stage (pre-processing), processing stage and final stage (post-processing) [4] .
Pre-Processing
Preparation stage is the preparation of peak load data on 24 hours to look for load difference (LD), typical load difference (TLD), maximum weekdays (max WD) and variation load difference (VLD). Load difference (LD) for maximum load is a load difference within 4 days before the days which is given by [22] :
MaxSD (i) is the peak load on a special day and maxWD is the average of maximum load 4 days before the days. Then, looking for a distinctive characteristic of a typical peak load or typical load difference (TLD MAX (i)) by averaging the peak load of similar LD MAX (i) in previous years. After that, calculating the variation load difference, which is the difference between Load Difference (LD) and Typical Load Difference (TLD MAX (i)) which can be seen by the following equation:
Peak load data which is used to calculate Max WD and LD max is based on (1) and (2) equations respectively and the results are presented in Table 1 Examples of fuzzy rules can be seen in Table 2 . 
Post-Processing
After getting VLD MAX forecasting value, then forecast load difference:
Peak load forecasting can be calculated: 
The smaller error obtained show the accuracy of the proposed method is higher. The absolute error can be expressed as follows:
The research flowchart is shown in the following figure. 
Fuzzy Logic Type-2
The fuzzy type-2 set is a development of fuzzy type-1 which is re-defuzzy. The Fuzzy type-1 based-knowledge logic system is used to build the rules in an uncertainty fuzzy logic system (FLS). There are three reasons for uncertainty rules [6] :
1 Rules of antecedents and consequents can have different perception in different people. 2 Polling of group of experts on consequents is often different to the same rules as most experts do not agree on the rule. 3 The training data contains a lot of noise.
Type-2 fuzzy sets have their own membership levels are fuzzy. Rankings on type-2 fuzzy set can be on the subset of secondary membership. Similar with FLS Type-1, FLS Type-2 is also included FIS membership functions and defuzzification. The difference is that before the defuzzification process there is type reduction process which has several methods; one of them is Kernik Mendel Algorithm (KMA). Interval Type-2 Fuzzy Logic (IT2FL) structure can be seen in Figure 2 . Figure 2 shows the process of IT2FL from an input value of crisp x set into the output value of Y=f(x) equation.
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Figure 2. Type-2 Fuzzy Logic System (T2FLS) Structure
Interval Type-2 Fuzzy Set
An interval type-2 fuzzy set (IT2FS) is denoted Ã by the membership function with , its characteristic can be recognized on the following equation:
x is a primary variable;
, secondary variable, have domain for each is primary membership. Uncertainty of is the combination primary membership (footprint of uncertainty). The equation can be seen as follows: 
Interval Type-2 Fuzzy Membership Function Operations
Operation on fuzzy interval type-2 set is almost the same as fuzzy type-1 set; but on the IT2FL logic system, the operation is performed on two intervals that are UMF (top) and LMF (below) at once. Operation on fuzzy interval type-2 membership function can be seen in Figure Table 3 shows an example of the calculation of the membership function fuzzy logic for 01.00 hours, and Table 4 shows the complete result of the membership function calculation. The data used is the peak load data of Sulselrabar electricity system started in 2012-2015 by using Interval Type-1 Fuzzy Logic method and Interval Type-2 Fuzzy Logic (IT2FL) as a comparison. Then, the data is devoted to four days before and during 1 Ramadhan 2016.
The test results by using the IT2 method as a proposed method for load forecasting showed excellent results, in which the Mean Absolute Percentage Error (MAPE) of VLD MAX is 1.344510913%. By using IT1FL, MAPE is 1.607778264%. For complete results can be seen in figure 9-10. 
Conclusions
Electrical Load Forecasting Day on the 1st of Ramadhan using intelligent methods based on Fuzzy Logic obtained very satisfactory results, with a very small error, this method is best used for short-term forecasting, medium and long-term. Error using Fuzzy Logic Type-2 of 1.607778264%, while using the proposed method Interval Type-2 Fuzzy Logic error is getting smaller in the amount of 1.344510913%. The application of intelligent methods for optimization of load forecasting is also highly recommended for yan forecasting methods used by PT. Perusahaan Listrik Negara (PLN) also still produce a sizable error.
